Cassida vittata Vill. (Coleoptera : Chrysomelidae) is a very important insect pest to sugar beet crop. Its larvae and adults feed upon sugar beet leaves causing significant defoliation, consequently reduce root weight and sugar percent (%) to this crop. Entomopathogenic microorganisms, mainly entomopathogenic bacteria, is a vital factor of the natural mortality against insects. Research on microbial pathogens of insects is increasing to find out environmental friendly alternatives to hazardous chemical insecticides. This investigation was done at the Experimental Farm of Sakha, Agricultural Research Station, Kafr Elsheikh Governorate, Egypt during 2018 and 2019 seasons. Obtained results showed that 11(29.72%) C. vittata larvae out of 37 individuals died naturally with Bacillus aryabhattai. Six (29.72%) C. vittata adults out of 25 individuals died naturally due to exposure to 10 8 cfu/ml suspension, which used for laboratory and field tests. In a laboratory test, the mortalities of larvae were 20.00, 30.00 and 45.00% after 3, 7 and 10 days post-treatment, respectively. Whereas, the mortalities of adults were 10.00, 25.00 and 40.00% after 3, 7 and 10 days post-treatment, respectively. Also, in a field test, the reduction of larvae were 12.86, 29.79 and 43.99% for 3, 7 and 10 days after treatment, respectively. Reduction of adults were 14.06, 27.05 and 39.84% for 3, 7 and 10 days after treatment, respectively. This strain was identified by GATC (biotech sequence company, Germany), for the first time in Egypt. These results conclude that this strain is an effective biocontrol agent against C. vittata larvae and adults in sugar beet fields.
INTRODUCTION
Sugar beet (Beta vulgaris L.) (Family: Chenopodiaceae) is a main source of sugar in Egypt and all over the world. In Egypt, the total grown area of sugar beet about 620000 faddans in 2018 season (Anonymous, 2018) . Sugar beet plants are subjected to attack with numerous insect pests beginning from seed germination up to maturity and harvest (Shalaby, 2001; El-Dessouki et al., 2014; Bazazo et al., 2015; Rashed, 2017; Abbas, 2018) . Cassida vittata Vill. is a very important insect pest to sugar beet crop which negatively affect the crop foliage and consequently, reduce the crop productivity (El-Mahalawy, 2011; Rashed, 2017) . The severe infestation of sugar beet with C. vittata caused significant reduction of 40.10 and 56.20% in root weight and sugar content, respectively (Abo-Saied Ahmed, 1987). C. vittata larvae and adults feed upon sugar beet leaves causing significant defoliation to this crop (Bazazo, 2010 Thus, the current investigation was carried out to investigate the role of entomopathogenic bacteria, Bacillus aryabhattai strain B8W22 in natural mortality of C. vittata larvae and adults in fields. Also, the pathogenicity of this strain against the insect pest was assessed under laboratory and field conditions.
MATERIALS AND METHODS
This study was carried out at the Experimental Farm of Sakha Agricultural Research station, Kafr Elsheikh Governorate, Egypt during 2018 and 2019 seasons .The cultivated area about one faddan was sown with Raspoly cultivar on 15 th November during both seasons.
Monitoring Dead Larvae and Adults
Dead larvae and adults were monitored from 10 March to 25 April, 2018. Every five days intervals, examination were done for 20 plants per inspection .They taken out and preserved in small sterilized vials by a fine brush to be dissected for mortality factor.
Isolation of the Entomopathogenic Bacteria
According to Quesnel (1971), pathogen infected larvae and adults were surface sterilized with 0.5% sodium hypochlorite for two minutes to avoid any pollution, then washed in distilled water three times and dried between two layers of filter papers. The sterilized insect were inoculated onto PDA (Potato Dextrose Agar medium) and incubated at 28°C for overnight. The pathogen isolates were picked up, purified and stored in PDA at 4°C for further studies and identification. The Petri dishes with growing bacteria (Fig. 1) were washed with distilled water. Then, a suspension of the growing bacteria was adjusted to 10 8 cfm/ml of water using the hemocytometer to be used in the laboratory and field studies.
Identification of the Entomopathogenic Bacteria
The entomopathogenic bacteria was identified by GATC company (Germany) by the aid of Sigma Scientific Services Company (Egypt), as Bacillus ayabhattai strain B8 W22 16S ribosomal RNA gene, partial sequence with a high similarity of 99% for the first time in Egypt.
Laboratory test
Infested leaves with C. vittata larvae and adults were collected from field for using in laboratory test. Twenty individuals each of stage, (5 individuals x 4 Petri dishes) for each date, having a piece of sugar beet leaf treated with B. aryahbattai spores suspension by hand sprayer (1 liter). The mortalities (%) were recorded 3, 7 and 10 days after treatment. Date of spraying was 1 st April, 2019. The bacteria was reisolated from the dead insects.
Field test
An area of sugar beet about (100 m 2 ) was divided into four replicates, sprayed with B. aryabhattai spores suspension by hand sprayer (2 liter). Another area was left as a check. The reductions of larvae and adults due to bacterial infection were recorded 3, 7 and 10 days after treatment. Date of spaying was 15 th April, 2019. Table 1 indicate that the total number of dead larvae throughout the season was 37 individuals. 11 out of 37 individuals died with B. aryabhattai with percentage (29.72%).
Monitoring the Natural Mortality of Cassida vittata Adults with Bacillus aryabhattai
As shown from obtained data in Table 2 , the total number of dead adults throughout 2019 season was 25 individuals. 6 out of 25 individuals died with B. aryabhattai with percentage (24.00%).
Tanda and Kaya (1993) indicated that bacteria are prokaryotic, unicellular organism varying from less than 1um to several lengths. Most of the insect pathogenic bacteria occur in different families such as Bacillaceae. Member of Bacillaceae, particularly Bacillus spp. have received maximum attention as microbial control agents. In insect, bacteria disrupt the digestive system by producing endotoxins that are often specific to the particular insect pest. Also, El-Husseini (2006) showed that the entomopathogenic bacteria an important factor of the natural mortality to insect pests. Ramanujam et al. (2014) reported that the main advantages of these biocontrol agents are their specificity to target pests, safety to the nontarget organism. They do not cause ill effects on environment and human health and can be used against pests which develop resistance to the conventional insecticides. They fit as ideal components in integrated pest management (IPM) and also in organic farming system. Table 3 show that the mortalities of larvae were 20.00, 30.00 and 45.00% after 3, 7 and 10 days post treatment, respectively. The overall mortalities of larvae were 31.66%. As shown from obtained results in Table 4 the mortalities of adults were 10.00, 25.00 and 40.0% after 3,7 and 10 days post -treatment, respectively. The overall mortalities of adults were 25.00%. al. (2011) demonstrated that the most successful insect pathogen used for insect control is the bacteria, Bacillus spp. Each one of the strains produces different mix of toxins and specifically kills one or a few related species of insects.
Pathogenicity of Bacillus aryabhattai Against Cassida vittata Larvae and Adults in Laboratory Tests
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Effect of Bacillus aryabhattai on Cassida vittata Larvae and Adults in the Field
Data in Table 5 indicate that the reduction of C. vittata larvae were 12.86, 29.79 and 43.99% for 3,7and 10 days after treatment, respectively. Overall mean of reductions was 28.88%.
As shown from obtained data in Table 6 
Molecular identification of B. aryahattai B8W22
Sigma Scientific Services Company Egypt made sequencing to the Polymerase chain Reaction (PCR) product on GATC Company (Germany), by use ABI3730XL DNA sequencer by using forward and reverse primers. Based on DNA sequences using r DNA, results showed that the Bacillus isolate belonged to Bacillus aryabhattai strain B8W22 16S ribosomal RNA gene, partial sequence with a high similarity of 99% phylogenetic tree analysis was performed to obtain strain and the result is presented in Fig. 2.   Fig. 2 . Phylogenetic tree of the nucleotide sequences of the PCR product of Bacillus aryabhattai B8W22 16S
